The authors evaluated risk factors potentially associated with the development of popliteal artery atherosclerosis in a population-based study and compared them with factors linked to carotid wall intimal-medial thickness. The Atherosclerosis Risk in Communities (ARIC) Study is a longitudinal investigation of cardiovascular disease in 15,800 individuals. The present analyses are based on the baseline popliteal and carotid ultrasonography examination in 10,002 subjects conducted in 1987-1989. After adjustment for covariates, both carotid and popliteal intimal-medial thicknesses were strongly associated with male sex and age (p < 0.01), having a graded relation with increasing quartiles of plasma total cholesterol and low density lipoprotein cholesterol and with plasma triglycerides (women only for popliteal) (p < 0.01). An inverse correlation was noted between plasma high density lipoprotein cholesterol and carotid (p < 0.01) and popliteal (women only) (p < 0.05) intimal-medial thicknesses. Cigarette use (p < 0.01), a history of diabetes mellitus (p < 0.01), alcohol use, elevated systolic pressures (p < 0.01), and fibrinogen levels (p < 0.01) were directly associated with both popliteal and carotid intimal-medial thicknesses. Although menopause was associated with thickened carotid (p < 0.01) and popliteal (p < 0.05) intimal-medial thicknesses, hormone replacement therapy was associated with thinner carotid walls only (p < 0.05). Although there were some differences, many of the classical risk factors associated with cardiovascular disease were also related to early thickening of both the popliteal and the carotid artery walls. Am J Epidemiol 1999;150:1055-67.
Morbidity and mortality attributable to peripheral artery disease are increasingly important public health problems as the population of the United States ages (1) . The reported prevalence of peripheral artery disease varies with the method of diagnosis; a late stage of disease manifested by intermittent claudication is found in from 1 percent (2, 3) to 5 percent (4) of the population, but milder degrees of peripheral artery disease are more common. In the Edinburgh Artery Study, lower extremity atherosclerotic disease, defined as an ankle/brachial blood pressure ratio of ^0.9, was noted in 17 percent of the population aged 55-74 years (5) . In a retirement community, noninvasive flow studies documented large-vessel peripheral artery disease in 12 percent of the elderly participants, while 16 percent had the isolated small-vessel variety (6) . As many as 20 percent of the men and 22 percent of the women had abnormalities of peripheral pulse (6) .
The overall mortality of patients with peripheral artery disease severe enough to cause a detectable disturbance in femoral flow rate was twice that of others in the same age and sex categories (7) . Mortality from coronary artery disease in patients with intermittent claudication was from 3-to 11-fold higher than that in controls (3, 8) . This suggests a strong correlation with the presence of atherosclerosis in different vascular beds. An earlier preliminary report on the population studied in this report found that the mean carotid wall intimal-medial thickness, as measured by ultrasound, was strongly associated with the prevalence of clinical peripheral, cerebral, and coronary heart disease (9) . Risk factors associated with the development of peripheral artery disease have not been as clearly defined as compared with disease in other vascular beds. Most studies corroborate the effects of smoking (2, 10) , diabetes mellitus (11) , and elevated systolic blood pressure (10) , but there is conflicting evidence about hyperlipidemia (12, 13) , coagulation factors (14) , and obesity (11) . These discrepancies may be due to differences in the study populations, methods of diagnosis, or disease severity. Alternatively, there may be biologic differences in the pathology of the atherosclerotic plaque; for example, lesions in the femoral artery are more fibroproliferative and contain relatively less lipid than those in the coronary circulation (15) . Interventional procedures in the treatment of non-limb-threatening peripheral artery disease have been disappointing, highlighting the need for prevention of lower extremity atherosclerosis (16) .
The Atherosclerosis Risk in Communities (ARIC) study is an ongoing prospective investigation of the etiology and natural history of the disease in four different areas of the country (17) , using ultrasound imaging to assess carotid and popliteal artery thickening. Carotid wall thickness had previously been associated with classical cardiovascular risk factors (18) ; this study was undertaken to examine the relation of these factors to early atherosclerosis in the popliteal artery and to compare it with the carotid vessel.
MATERIALS AND METHODS

Study population
The ARIC Study is a longitudinal investigation of cardiovascular disease sponsored by the US National Heart, Lung, and Blood Institute. It includes 15,800 men and women who were between the ages of 45 and 64 years from 1987 to 1989. They were selected by probability sampling from four communities: suburban Minneapolis, Minnesota; Washington County, Maryland; Forsyth County, North Carolina; and Jackson, Mississippi. All the Jackson participants and 12 percent of those from Forsyth County were African American; the other two communities were predominantly Caucasian. The study design and the cohort examination procedures have been described previously (17) . Only data from the baseline examination conducted in 1987-1989 were used in this cross-sectional analysis.
Examination procedures
After home questioning by trained interviewers, subjects were invited to be part of the baseline examination at a study clinic in their community, according to a standardized protocol (17) . Information was obtained about education, family history of coronary artery disease, cigarette smoking, ethanol intake, presence of diagnosed cardiovascular disease, menopausal status, and hormone replacement therapy. The grams of ethanol consumed per week were computed from self-reported intakes of beer, wine, and liquor. Diabetes mellitus was defined as a fasting serum glucose concentration of >140 mg/dl and/or a history or treatment of the disease.
Anthropometry, blood pressure determination, and venipuncrure were done after a fast of at least 12 hours. Anthropometry was carried out with subjects wearing a scrub suit and no shoes. The body mass index was calculated as weight (kg)/height (m) 2 . Sitting blood pressure was measured before venipuncture. Systolic and diastolic blood pressures were calculated as the average of the second and third of three consecutive measurements using a random zero sphygmomanometer.
Ultrasound methods
The ultrasound method was based on the technique developed by Pignoli et al. (19) using a B-mode ultrasound transducer (Biosound 2,000 II sa; Biosound Incorporated, Indianapolis, Indiana). A common scanning protocol was used at all centers (20) as well as centralized reading of all ultrasound studies according to a standardized protocol (21) . Sonographers and ultrasound readers were trained centrally and certified by the ARIC Ultrasound Reading Center.
Popliteal and carotid arterial wall intimal-medial thicknesses were measured from the blood-intimal to the medial-adventitial interface and thus represent the sum of the intimal and medial thicknesses. Only one popliteal artery (the side randomly determined) was examined per subject. The scanning protocol identified the scanning site as the horizontal crease behind the knee on the popliteal scanned. This crease was identified by lifting the foot slightly to accentuate the appearance of the crease. Only this one site was scanned. As done with the carotid artery, the arterial walls of the popliteal were identified, and cross hairs were placed on the blood-intimal and medial-adventitial interfaces. Computer programs determined the intimal median thickness. Data were stored in the Reading Center database and then sent to the Coordinating Center. Sonographers were trained to place the center of the transducer at the crease so that the popliteal artery was imaged in the middle of die ultrasound screen. The ultrasound transducer was manipulated to obtain the "best" images of die near and far popliteal walls simultaneously. Similar criteria for satisfactory scans of the carotid walls were used. Repeat scans were performed on 1,300 popliteal arteries by the same sonographer and read by the readers at the Ultrasound Reading Center. More than one reader might have read the popliteal scans, especially if they were included in a reader quality assurance reread.
Carotid arteries were examined bilaterally at three sites: the level of the common carotid (1 cm proximal to the dilatation of the carotid bulb), the carotid bifurcation (1 cm proximal to the flow divider), and the internal carotid artery (1 cm distal to the flow divider). This report is based on the mean of all carotid measurements along the far wall (farthest from the skin surface) at each of the six sites, combined into a single grand mean. If data on carotid intimal-medial thicknesses were missing completely at random or missing at random, conditional on carotid site, age, body mass index, arterial depth, race, and sex, then imputed mean intimal-medial thicknesses should provide unbiased estimates of the unobserved, true mean intimal-medial thicknesses.
The use of multiple carotid measurements versus only one popliteal measurement increases the reliability of carotid ultrasound in any statistical testing. Inadequate imaging occurs at times defined as B-mode images the ultrasound readers were unable to read, lacked confidence in the data due to noise or scanning technique on the participant, or had no data at all. When inadequate imaging prevented measurement at some of the sites, the grand mean was derived after imputing values from measured to unmeasured sites using maximum likelihood techniques based on observed relations among thicknesses at various sites (22) . The correlation coefficient between carotid scans performed by the same sonographer was 0.81 for maximum far wall thickness at the carotid bifurcation and 0.93 for different readers of the same scan (20, 21) . The popliteal artery was rescanned by the same sonographer for quality assurance. This was done in 700 left-sided and 600 right-sided popliteal scans.
Carotid intimal-medial thickness is analyzed in this report only in subjects who underwent popliteal ultrasound. A successful scanning of the popliteal artery was accomplished with 10,002 participants (63 percent of the cohort); difficulty in obtaining this measurement was due to the subject's obesity or technical difficulties in scans done before May 15, 1987 . Adjusting for body mass index in the analysis may minimize any potential bias.
Laboratory analyses
Plasma and serum were separated immediately after venipuncture and stored at -70°C. Frozen specimens were shipped to centralized laboratories. During storage, no specimen warmed substantially. All laboratory analyses were performed in the ARIC Central Lipid, Hemostasis, and Chemistry Laboratories. The Lipid Laboratory participated in the standardization program for lipids of the Centers for Disease Control and Prevention and the National Heart, Lung, and Blood Institute. All laboratory personnel were blinded to the subjects' clinical characteristics.
Total triglycerides (23) and cholesterol (24) were measured with enzymatic reagents (BoehringerMannheim, Indianapolis, Indiana). High density lipoprotein cholesterol was determined after dextranmagnesium precipitation (25) . Low density lipoprotein cholesterol was calculated using the Friedewald equation (26) . Lipoprotein(a) was measured by enzymelinked immunosorbent assay of the whole protein (27) . Apolipoproteins A-l (28) and B (29) were assessed by radioimmunoassay.
Fibrinogen was measured by the thrombin time titration method (30) . Fasting serum glucose was determined by a hexokinase/glucose-6-phosphate dehydrogenase method. Serum insulin was assayed using a radioimmunoassay I-125-insulin kit (Cambridge Medical Diagnostics, Inc., Billerica, Massachusetts).
Statistical analyses
The means and standard errors of far wall popliteal and average carotid intimal-medial thicknesses were calculated according to categories of study variables for men and women separately. For continuous variables, categories were defined as quartiles according to the distribution across the entire study population. Race-, age-, community-, and body mass indexadjusted means were obtained by analyses of covariance (31) with popliteal or mean carotid artery intimalmedial thickness as the dependent variable. Linear trend tests comparing mean popliteal and carotid thicknesses by risk factor levels were analyzed in participants for whom both measurements were available. The Spearman correlation coefficient was used to examine the relation between popliteal and carotid intimal-medial thicknesses. Finally, popliteal and carotid wall thicknesses were dichotomized using the 95th percentile as the cutoff point, and odds ratios and 95 percent confidence intervals corresponding to specified increases of the independent variables were obtained in a logistic regression model adjusting for sex, age, race, body mass index, and plasma low density lipoprotein cholesterol, triglycerides, high density lipoprotein cholesterol, and lipoprotein(a) levels (32) . SAS version 6.06 was used for all statistical analyses (33) .
RESULTS
Subject characteristics
The ARIC population included 15,800 people (55 percent women); 10,002 of them (63 percent of the total) completed popliteal artery ultrasonography. Table 1 lists the distribution of variables in the popu- 
Intimal-medial thickness and demographic Information
After the adjustments listed above, male sex was independently associated with increased intimalmedial thickness of both popliteal and carotid arteries (table 4, all p < 0.01). Black women had thicker carotid and popliteal walls than did White women, (43) 52 (17) 137 (40) 135 (94) * Numbers in parentheses, standard deviation. tp< 0.001.
while Caucasian men had thicker carotid intimalmedial thickness than did Black men (p < 0.01). There were no statistical differences between the two races among men for the popliteal artery. The level of formal education was inversely associated with carotid intimal-medial thickness (p < 0.01) in both men and women but was unrelated to the popliteal artery.
Intimal-medial thickness and plasma liplds
In both men and women, carotid and popliteal intimal-medial thicknesses had a graded relation with increasing quartiles of plasma concentrations of total cholesterol and low density lipoprotein cholesterol (p < 0.01) (figure 1). Carotid and popliteal intimal-medial thicknesses also showed a graded relation with increasing quartiles of plasma apolipoprotein B (p < 0.01 and < 0.05, respectively). In both sexes, carotid intimal-medial thickness was inversely related to plasma high density lipoprotein cholesterol and apolipoprotein Al (p < 0.01). Popliteal intimal-medial thickness and plasma high density lipoprotein cholesterol are also inversely related in women (p < 0.05) but show no association in men. Plasma triglyceride levels were directly associated with carotid intimal-medial thickness in both sexes and popliteal intimal-medial thickness in women (p < 0.01), but they were not associated with popliteal thickness in men. Plasma lipoprotein(a) had a direct and graded relation with carotid intimal-medial thickness (p < 0.01), yet there was no consistent relation between plasma lipoprotein(a) and popliteal intimal-medial thickness.
Intimal-medial thickness and other cardiovascular risk factors
Current smokers had the thickest carotid and popliteal walls, followed by former smokers and then by those who had never smoked (all p < 0.01) (figure 2). In men only, increasing alcohol use was directly associated with increasing popliteal (p < 0.01) and carotid (p < 0.05) intimal-medial thicknesses. Similarly, diabetes mellitus was associated with both carotid and popliteal intimal-medial thicknesses in both sexes (p < 0.01). Increasing concentrations of insulin had a graded relation to carotid intimal-medial thickness (p < 0.01), whereas the association with popliteal thickness was not statistically significant Postmenopausal women had thicker carotid and popliteal walls than did premenopausal women (p < 0.01 and p < 0.05, respectively). Hormone replacement therapy in women was associated with thinner carotid walls (p < 0.05). Plasma fibrinogen levels had a graded and direct relation to carotid intimal-medial thickness for both sexes (p < 0.01), while they were associated with popliteal intimal-medial thickness in men only (p < 0.01). A greater waist/hip ratio was strongly associated with increasing carotid (both sexes) and popliteal (women only) thicknesses (p < 0.01). Increasing systolic and diastolic pressures were found to be strongly and directly related to both popliteal and carotid wall thicknesses in a graded fashion in both sexes (p < 0.01 for all systolic pressure associations; p < 0.05 for most diastolic pressure associations).
Multivariate analyses
Logistic regression was used to document the independent contribution of each risk factor to intimalmedial thickness greater than the 95th percentile (table  5) . Odds ratios were in the expected directions for both carotid and popliteal wall thicknesses. However, associations with the variables, as classified in table 4, were generally stronger for the carotid than for the popliteal artery. Participants who have stopped smoking still had an increased risk of wall thickening when compared with those who never smoked. After adjustment for all other variables, Blacks had a decreased risk of carotid intimal-medial thickness, with an odds ratio = 0.85 (95 percent confidence interval: 0.60, 0.98). Plasma triglycerides of >250 mg/dl were unrelated to carotid and popliteal wall thicknesses. Plasma low density lipoprotein cholesterol G>160 mg/dl) and plasma lipoprotein(a) (^200 u,g/ml or 60 mg/dl) were related to carotid but not to popliteal intimal-medial thickness, and high density lipoprotein cholesterol (>35 mg/dl) was protective against carotid but not popliteal intimal-medial thickness.
DISCUSSION
This study was undertaken to determine whether major coronary heart disease risk factors relate to atherosclerosis in the peripheral leg vasculature, and how these associations compare with risk factors for carotid intimal-medial thickness. Previous work on atherosclerosis in the lower limbs has related risk factors to clinical parameters, such as intermittent claudication or decreased blood flow to the lower extremities. In our study, we had the opportunity to examine the relation of cardiovascular risk factors to a much earlier anatomic measure, that is, popliteal wall thickening, as documented on a continuum by B-mode ultrasound, in a population-based sample.
The popliteal artery was used as a measure of lower extremity atherosclerosis because it has a predilection for disease (34) and is easily accessible for study because of its superficial location in the popliteal fossa. Measurements of carotid and popliteal intimalmedial thicknesses allowed us to study a continuum of increasing arterial wall thickening, found to correlate with pathologic specimens of atherosclerosis (19, 35) . In a study of patients with symptomatic peripheral artery disease, real time B-mode ultrasound accurately detected disease (36) . As with other populations (37), carotid intimal-medial thickness in the ARIC Study was strongly associated with major cardiovascular risk factors (18, 38) . In another ARIC Study analysis, both carotid and popliteal intimal-medial thicknesses were associated with clinically manifest cardiovascular disease (9) . Similarly, carotid thickness, as measured by intimal-medial thickness, is prospectively associated with carotid thickness in smokers (39) .
We found age, male sex, and educational level to be strong independent predictors of popliteal intimalmedial thickness. Age has been a consistent finding in numerous population-based studies (5, 40) as has male predominance (2, 6, 10) . African Americans (women only) had thicker carotid and popliteal arteries than did Whites. This is consistent with the increased prevalence of hypertension and the incidence and progression of coronary artery disease (41) and hypertension (42) noted in Blacks. After adjustment for covariates, Black men in our population had a reduced prevalence of thicker carotid walls compared with Caucasians. This observation varies from that seen in another investigation using the ARIC Study population, in which it was reported that Blacks in general had thicker intimal-medial thickness values than did Whites (43) . However, this population differed by about 3,870 patients, almost 40 percent of the total population. This larger sample size may have provided us with greater reliability in this respect. Furthermore, it has widely been held that, since Blacks are more prone to cerebral vascular accidents than are Whites, it should follow that carotid intimal-medial thicknesses are greater. However, one must consider that Blacks commonly have relatively more ischemic and hemorrhagic strokes related to intracranial vascular lesions, whereas Whites have relatively more lesions in the extracranial internal carotid artery (42) . Thus, it is not necessarily incongruent for Black men to have thinner carotid arteries.
In our study, elevated plasma total cholesterol and low density lipoprotein cholesterol concentrations were associated with both carotid and popliteal intimal-medial thicknesses. Our data are corroborated by other studies in which plasma low density lipoprotein cholesterol was a predictor of peripheral artery disease (44) or was associated with disease severity in women as measured by angiography (13) . However, our results contrast with those of others who found little relation between plasma low density lipoprotein cholesterol and clinically documented peripheral artery disease in patients with claudicating lower extremity pain (12, 45, 46) . The mild degrees of thickening observed in this study, assumed to be early atherosclerosis, may provide data different from those of patients with clinically severe disease. After multivariate analysis, low density lipoprotein cholesterol remained a statistically significant independent predictor for carotid artery intimal-medial thickness only, suggesting a stronger association than with the popliteal circulation. This observation may be due to the greater precision of the carotid intimal-medial thickness measurement compared with popliteal, arising from the larger number of intimal-medial thickness measurements performed along the carotid artery. Mowat et al. (47) also noted that the atherogenic consequences of low density lipoprotein cholesterol on subjects with peripheral artery disease were less than the protective effect of high density lipoprotein cholesterol in patients with peripheral artery disease.
Elevated plasma triglycerides have been identified as a risk factor for peripheral artery disease in some (10, 48) but not all (3, 49) studies. After controlling for age, race, sex, body mass index, and community, we found a strong relation between plasma triglyceride levels and carotid wall thickness, thus adding to other evidence that hypertriglyceridemia is atherogenic (50) . However, this effect was observed only in women in the popliteal artery and did not hold when plasma lipids and other risk factors were taken into account in the multivariate logistic analysis. Similarly, plasma high density Hpoprotein cholesterol was not found to be associated with popliteal intimal-medial thickness in men, again emphasizing sex differences. This contrasts with case-control studies of patients with peripheral artery disease, (49, 51) within whom low levels of high density Hpoprotein cholesterol were associated with disease. Those studies did not separate the analyses by sex.
In our study, increasing plasma Hpoprotein(a) levels, thought to be an independent risk factor for coronary artery disease (52) and stroke (53) , were associated with carotid but not popliteal intimal-medial thickness, suggesting a differential effect on the cardiovascular tree. Although late stage presentations of peripheral vascular disease have been reported to be associated with elevated plasma lipoprotein(a) (54), our population permits the opportunity to explore the relations of risk factors with early disease.
Elevated systolic pressure was directly related to carotid and popUteal wall thickness. The association of both carotid and popHteal intimal-medial thicknesses with diastolic pressure showed a J-shaped curve (data not illustrated); individuals with diastolic pressures less than 66 mmHg had sHghtly thicker walls. This type of curve may be a result of antihypertensive medication present in 28.6 percent of the patient population. However, in studies documenting the relation between diastolic blood pressure and coronary artery disease, similar J-shaped curves sometimes have been observed and were explained as a reflection of underlying chronic illness (55) . The association of diastolic pressure with arterial thickness may also be due to the tendency of this pressure to fall because of decreased compliance of the capacitance vessels, a phenomenon often observed with atherosclerosis.
We have demonstrated that former smokers retain an increased risk of thickened carotid and popliteal walls compared with those who never smoked. This is consistent with studies that found cigarette smoking to be a strong independent risk factor for peripheral artery disease (2, 10, 44, 56) , in fact stronger than for coronary artery disease (57) .
Similar to the situation with the coronary circulation, the carotid and popliteal walls of postmenopausal women were thicker than those of premenopausal women. Although estrogen replacement therapy was associated with a favorable physiologic profile in this population (58) , those taking it had only a weak, nonsignificant decrease in popHteal intimal-medial thickness. The relation of hormone replacement therapy to clinical lower extremity disease has not been well characterized previously. Estrogen replacement was associated inversely with carotid intimal-medial thickness in this analysis of all ARIC Study women. This was not the case in a previous ARIC Study analysis restricted to postmenopausal women only (58) .
Alcohol intake was associated with both carotid and popHteal intimal-medial thicknesses in men. This relation was linear and direct for the popliteal wall, similar to that in subjects with coronary artery disease (59) and cerebrovascular disease (60) . In another analysis in this population, the association between alcohol intake and carotid wall thickness loses statistical significance when the data are adjusted for cigarette smoking (61) .
As previously reported (11), diabetes mellitus was an important risk factor for clinical peripheral artery disease. We were able to document early anatomic changes in the popliteal artery, thus corroborating clinical studies of peripheral artery disease. Symptomatic peripheral artery disease has been reported in 5 percent (62) to 45 percent (63) of diabetic individuals and is often present at diagnosis (44) .
A body mass index of >30 predicts both popliteal and carotid intimal-medial thicknesses (table 4) . Confirming a previous publication from the ARIC Study population (64) , waist/hip circumference ratios and insulin levels were associated with carotid intimalmedial thickness, similar to observations in coronary artery disease (65) and peripheral artery disease (66) . The lack of an association between waist/hip ratio and popHteal thickness in men may be because of the strong correlation between waist/hip ratio and body mass index and the inability to perform scans in the very obese participant. Obesity has been reported as a risk factor for peripheral artery disease in elderly women but not men (49) . Our results contrast with those of the Framingham Study, in which weight was inversely associated with intermittent claudication in men (56) . These discrepancies may be due to differences in severity of illness; that is, once an individual has late (clinically manifest) disease, the apparent influence of weight changes. Finally, an increasing fibrinogen concentration was associated with popliteal intimal-medial thickness in our population. This is in agreement with the results of Fowkes et al. (4) , who found cases of peripheral artery disease to have increased fibrinogen levels compared with controls.
Even though lipid factors may have a more modest effect on popHteal than on carotid disease, many of the classical cardiovascular risk factors identified with coronary artery disease are also associated with early popliteal wall thickening. More information is needed to clarify differences between racial groups and sexes. Our cross-sectional data are consistent with previous longitudinal interventional data indicating that early modification of risk factors may reduce progression of peripheral artery disease.
